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Abstract: 
Agent-oriented software engineering is a new technology made available to software engineering science, 
which received a great of attention in the last decade and has since become one of the most active areas of 
research and development activities in the computing field. Despite different agent methodologies, languages, 
architectures and successfully developed agent-based applications, agent-oriented software engineering remains at 
an early stage of evolution. Thus, not only are new methodologies urgently required, new evaluation techniques are 
also mandatory. It is not easy to specify a particular methodology for the development of any system. Furthermore, 
there are no methods for determining what the advantages and drawbacks of each methodology are. In this paper, 
authors, compare the four most commonly used MAS meta-models (ROADMAP, HILM, Styx, SONIA) in order to 
identify the main components that can be used to specify a single, generic MAS meta-model. 
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1. Introduction 
The unification of agent design methods 
remains a significant issue, despite the increasing 
attention it has recently received from researchers in the 
field of agent technology. Thus, several recent studies 
focused on the idea of collecting a new design process 
for agents by taking methods from current agent-
oriented methodologies.  
 
Agent technology includes several new basic 
entities, such as agents, roles, behaviour, ontology etc. 
They are assembled in correlated models and stages. 
The relationships that serve as correlations between 
entities can be expressed by means of a meta-model [1], 
which considers the current available tools to compare 
and analyze methodologies, as well as to distinguish the 
concepts of related methodologies. It is a model based 
on the concepts that can be used to design and describe 
actual systems. 
 
Despite the variety of the Multi-Agent System 
(MAS) meta-model methodologies, several works on 
MAS meta-models are currently in progress. Several 
MAS meta-models have been produced, defining the 
types of entities the developers encounter in their work 
− agents, goals, interactions, tasks, resources, etc.; they 
also specify constraints and uses imposed on the 
relationships. Meta-models can also be seen as the 
specification of a modeling language, thus they are 
necessary in developing tools that can support the 
development process. 
 
In this paper, we present a unification proposal, 
based on four agent oriented methodologies − 
ROADMAP, HLIM, Styx, and SONIA. Our aim is to 
study and compare the meta-models related to these  
 
 
methodologies, identify their commonalities and give 
a clear and basic definition for the core concepts used 
in MASs in order to create MAS meta-model. Detailed 
discussion of the differences between these four 
methodologies, as well as the approaches and their 
integration is also given.  
 
2. ROADMAP Meta-Model 
ROADMAP methodology, developed by Juan 
et. al. in 2002 as a methodology for agent oriented 
analysis and design [2], which extends Gaia [3] with 
several improvements.  
 
In-depth study and analysis of the MAS meta-
model for the ROADMAP (Figure 1 reveals that the 
ROADMAP meta-model consists of base blocks − 
agents, role hierarchy, knowledge hierarchy, 
environment, zone hierarchy, services, and protocols. 
Their grouping is governed by the context of a specific 
organization. 
 
The ROADMAP agent is an entity that can 
play multiple roles. Its knowledge components are 
created and assigned to the roles, which are, in turn, 
assigned to agent class that takes the agent role and 
implements the protocols and activities of the 
corresponding roles. A role is a specific behavior 
ascribed to an agent, and is defined in terms of 
knowledge, permission, responsibilities, protocols and 
activities, as well as its interactions with other roles. In 
playing a role, an agent actualizes its behavior in terms 
of services that can be activated according to some 
specific pre- and post-conditions. 
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The concept of environment is essential in 
ROADMAP meta-model. The environment in 
ROADMAP comprises of the zone hierarchy and 
schema, used to describe each zone. The zone schema 
involves a textual description of a zone and other 
attributes. It explicitly specifies all the entities and 
resources MAS may interact with, whereby sources of 
uncertainty in the environment are identified and 
analyzed. 
 
In order to control the complexity of the 
system, MAS development requires building of an 
organizational structure. The ROADMAP provides the 
explicit representation of the agent organization − 
mainly achieved through providing the organizational 
constraints and the organization structure. By applying 
the constraints, the organization can observe and 
control an agent's behaviours in the organization.  
When the expected behaviors in the 
organization are explicitly represented at run-time, 
agents can verify each other’s behavior, and agents 
that do not comply with the rules can be identified and 
deleted or changed. Therefore, a useful level of trust 
can be established when new agents enter the system.  
In order for a new agent to be trusted by other agents 
in the organization, it has to possess the sufficient 
knowledge, as well as perform its functions according 
to its role within a specific context. Once the trust is 
established, the agent can work with other agents to 
accomplish the general goal of the organization.  
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Figure 1. MAS Meta-Model Adopted by ROADMAP 
 
3. HLIM Meta-Model 
HLIM is an agent-oriented methodology, and it 
stands for High-Level and Intermediate Models [4]. It 
provides a systematic approach for generating 
implementable system definitions based on high-level 
designs, enabling development of agent-based systems 
that conform to user requirements. It describes the 
agent external and internal behavior. 
The methodology effectively captures the 
complexity of agent systems, agent’s internal 
structure, relationships, conversations, and 
commitments. HLIM defines visual representation of 
the system behavior as well as the means by which 
that behavior is achieved.  
Figure 2 depicts the MAS meta-model of 
HLIM; it describes the concepts introduced by HLIM 
methodology and the relations among them.    
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It can be seen that the key concepts in HILM 
are agent, relationships, contracts, and conversations; 
each agent has an internal structure that defines the 
agent’s goals and their preconditions, post-conditions, 
as well as the task. HILM agent can cooperate with 
other agents to achieve its own, their specific goals, or 
the goal of the organization by creating the 
relationships with other agents. These relationships 
describe the inter-agent dependencies and jurisdictional 
interactions between agents. HLIM allow for four types 
of agent dependencies: Goal dependency, Task 
dependency, Resource dependency, and Negotiated 
dependency. Agents can establish and exploit the 
dependencies and the jurisdictional relationships via 
conversations, typically by exchanging messages. Each 
type of relationship is related to a set of conversational 
messages. 
HLIM agent can establish a contract with 
other agents, as required, whereby a contract specifies, 
in a high-level language, obligations and 
authorizations between the different agents related to 
the services provided to each other. In this context, 
commitment implies that an agent will, at a later time, 
allow access to its resources to another agent under the 
contract.  
 
An agent that commits some of its resources 
must take into account this commitment before the 
resources can be accessed by the agent itself or other 
agents. 
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Figure 2. MAS Meta-Model Adopted by HILM 
 
4. Styx Meta-Model 
Styx [5] is an agent-oriented methodology that 
guides the development of collaborative agent systems. 
It covers a wider range of software development life-
cycle activities. The work described by this 
methodology is divided into three stages: analysis, 
design and implementation phase. 
 
The MAS meta-model adopted for Styx (Figure 
3) is represented by role, agent, concepts, 
communication, relationships, and deployment. Styx 
methodology allows the agent to play one or more 
roles in the system, as previously identified; 
subsequently the roles are deployed and assigned to 
agents. 
 
Upon obtaining the agents that relate to roles, 
responsibilities of Styx agents are determined 
according to specific pre- and post-conditions. 
Similarly, after defining the concepts of inter-agent 
communication, agents can communicate to interact 
with each other by using agent interaction protocol, 
thus creating relationship dependency amongst them.  
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Figure 3. MAS Meta-Model Adopted by Styx 
 
 
 
The organization concept represented in Styx is 
related to the environment within which the agents 
must be evolved. In order to systemize the work 
required, all system components are grouped under 
their dedicated organization. The organization observes 
the concepts and rules of agent communication, and 
determines the hierarchy of each role in the 
organization and its relationship with other roles. 
 
 
 
 
 
 
 
 
 
5. SONIA Meta-Model 
SONIA [6] is the last methodology analyzed 
in this comparative study. It defines an agent society, 
its flexibility and the ability to dynamically facilitate 
problem solving. Furthermore, SONIA can be used to 
integrate indispensable legacy systems.  
 
In-depth analysis of the SONIA MAS meta-
model (Figure 4) reveals the basic building blocks of 
this methodology − structural, task, environment, and 
responsibilities. The SONIA agent works within an 
organization with the specific structural rules observed 
by agents and defines a set of tasks that an agent must 
perform.   
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Figure 4. MAS Meta-Model Adopted by SONIA 
 
The agent’s responsibilities can be determined 
by relating knowledge components to behaviors; 
SONIA MAS meta-model identifies and defines agents 
and objects incorporated into the system.  
 
The key element of SONIA MAS meta-model 
is the environment concept, as it provides graphical 
representation of the external entities and their 
interactions with the system. The interactions are 
represented by identifying relationships among agents, 
as well as among agents and objects in the system.     
 
6. A Comparison of MAS Meta-Models 
In the previous sections, the MAS meta-
models of four agent methodologies (ROADMAP, 
HLIM, Styx, SONIA) were described. In this section, 
these meta-models will be compared in order to 
identify their commonalities and study their distinctive 
differences, as a first step towards defining unified 
MAS meta-model. As a first step, the results of the 
comparison are summarized, focusing on the MASs 
meta-models from the structural point of view. The 
findings are presented below in Table 1.  
 
Meta-Model 
 
Common Concepts 
 
 
Peculiarities 
 
 
ROADMAP 
 
Agent(Ideal),Organization, Communication, 
Responsibilities 
 
Service, Zone-Hierarchy, Role 
Hierarchy, Knowledge 
Hierarchy, Interactions, 
Environment 
 
HLIM 
 
Agent(Type), Communication 
Conversations, Contract, 
Relationships ,Internal 
Structural, Visual 
Representation 
 
Styx 
 
Agent(Collaborative), Organization, 
Communication, Responsibilities 
FIPA Interaction Protocol, 
Role Deployment, Concept, 
Relationships, Visual 
Representation 
 
SONIA 
 
Organization, Agent, Responsibilities 
Knowledge, Structural, 
Behavior, Object Interactions, 
Environment, Task 
Table 1. A Comparison of the Four Main MAS Meta-Models 
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According to Table 1, the four compared 
methodologies share a number of common concepts. 
However they also possess many different concepts, 
specific and unique to each meta-model of four agent-
oriented methodologies. Notwithstanding the 
substantial number of shared elements, the main 
differences amongst the four MAS meta-models are: 
 
● Organization: Only two agent methodologies, 
ROADMAP and Styx, address this concept. In 
ROADMAP, agents collaborate within organizations 
that are governed by organizational constraints. In 
Styx, the relationships among agents in the system are 
systematic and are defined via the organizations.  
 
● Agent: All evaluated methodologies include the 
agent component in their MAS meta-models. 
ROADMAP refers to it as an ideal agent; in HLIM as 
the term agent type is used, whilst Styx refers to an 
agent as a collaborative agent. 
 
● Communication: In ROADMAP and HLIM, agent 
communications are represented by messages 
exchanged between the agents, which do not follow 
specific agent protocol. In contrast, Styx specifies 
agent communication. 
 
● Responsibilities: This feature is present in some 
form in all four MAS meta-models of agent 
methodologies. 
 
Furthermore, different concepts emerged as a result of 
this comparison. Due to their significant differences, 
where most elements are unique to each analyzed 
meta-model, they are listed below: 
 
●   Role: Only ROADMAP and Styx methodologies 
present the concept of role. 
 
●  Task: The concept of task is present only in 
SONIA.  
 
● Zone-Hierarchy: ROADMAP environment 
represents the zone hierarchy and a set of zone 
schemas to describe each zone. This is the only 
methodology that recognizes this feature. 
 
● Service: Only ROADMAP methodology 
incorporates the service concept. 
 
●   Relationships: This concept is present in HLIM 
and Styx only. 
 
●    Environment: It is defined in ROADMAP SONIA 
only. In ROADMAP, the environment model contains 
a hierarchy of zones in the environment, and a set of 
zone schemas to describe each zone in the hierarchy. In 
contrast, SONIA specifies all the system external 
entities and resources MAS may interact with. 
 
● Representation: HLIM and Styx used the system 
representation concept and are the only two 
methodologies that recognize this concept. 
 
● Interactions: SONIA and ROADMAP specify a 
model to represent interactions. SONIA provides 
visual representations of the relationships among 
agents, and among agents and objects in the system. In 
ROADMAP, interaction is based on the AUML 
interaction diagrams, with roles and zones represented 
graphically. 
 
● Role and Knowledge Hierarchy: ROADMAP, as 
the only methodology that recognizes these concepts, 
presents a holistic model of the role hierarchy, as well 
as the structure of the domain knowledge and 
dependencies of knowledge components in the system. 
 
● Conversations and Contract: HLIM represents 
conversations and contracts. It supports the 
conversations among agents and graphically represents 
commitments and the services agents offer to each 
other in contract form. 
 
● FIPA Interaction Protocol: Styx is the only 
methodology that follows Agent Interaction Protocol 
(AIP). 
 
●  Behavior and Object: SONIA specifies a model to 
represent behavior and objects. 
 
● Internal Structural: HLIM defines a model to 
explicitly represent the agent internal structure.  
 
●  Domain Concept and Deployment: represented in 
Styx. 
 
● Knowledge and Structure: SONIA represents 
knowledge and structural models. 
 
The last comparative analysis will directly 
assist in adopting a component from each one of the 
four MAS meta-models, in order to create the unified 
MAS meta-model, described in the next section.  
The definitions of the concepts presented above allow 
for establishing the relationships among them and for 
subsequent creation of the unified MAS meta-model.  
 
7. Towards Unified MAS Meta-Model 
As mentioned previously, the main goal of 
comparing the four agent-oriented methodologies 
(ROADMAP, HLIM, Styx, SONIA) is to identify a 
unified MAS meta-model. Hence, the focus of our 
study was on the identification of commonalities 
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among the four compared meta-models. As the 
analysis shows, each methodology has many very 
interesting features, but all still need some 
improvements.  
 
The above analysis of different MAS meta-
models identified the common components that could 
contribute to the process of construction and 
unification of generic, unified MAS Meta-Model.  
Figure 5 describes the proposed unified MAS meta-
model, which includes a set of mandatory concepts 
that, in our view, are required of any MAS meta-
model.      
 
As shown in Figure 5, this meta-model is 
guided by the aim of predefined organizations. The 
model structure is well defined, specifying constraints 
on the work and communications among agents. 
Furthermore, within this concept, all agents play 
different roles in the system, as defined by the system 
role hierarchy (ROADMAP).   
 
An agent is situated in an environment for 
which it is able to build representations if it possesses 
cognitive capabilities. It contains the zone hierarchy 
(ROADMAP). The suggested meta-model is also 
characterized by the capability of identifying the 
relationships among agents and conversations available 
in the HLIM approach. Furthermore, this generic agent 
is composed of SONIA-like tasks, complemented by 
some Styx features (deployment and a FIPA 
interaction protocol). 
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Figure 5. Proposed Unified MAS Meta-Model 
 
8. Conclusions 
This study compared four most commonly 
used MAS meta-models in order to gain a better 
understanding of the agent concepts applied in agent-
oriented methodologies. Furthermore, the goal was to 
identify the main components that can be used to 
specify single, generic MAS.  
Several MAS meta-models have been 
presented (ROADMAP, HILM, Styx, SONIA). Their 
analysis yielded a first proposed unification, based on 
their MAS models. We were able to analyze and 
compare the meta-models associated with these 
methodologies in order to identify and utilize their 
commonalities, thus introducing a clear, basic 
definition of the essential concepts used in MAS. This 
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work leads to relating and combining the most useful 
concepts into a single, generic MAS meta-model. 
 
The four agent methodologies have different 
backgrounds and applications, as each one relates to 
specific agents or MAS types. These differences are 
utilized in the unified meta-models that we presented 
in this paper, as we were able to identify and 
incorporate the best features of each one of the 
analyzed methodologies. 
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